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guidance concerning the topics to be covered in a documbntno attempt will bemade to
impose format or content requirements based on military specification practices.

7.5.3 Deviation Policy

Recommended deviations from the V&V Managenfélanare first reviewed and accepted by
the PM before they are presented to NASA for approval. The INARslyst requesting the
deviation must provide a written description of the propgsed deviation, a rational®r the
deviation, and an identification of potential impactsthie V&V effort (i.e., schedulesost,
quality). Upon acceptance of a recommended deviation by NASA, the IVVMP or lleveer
plan impacted by the deviation is updated and resubmitted as required.
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The TestBuddy is a self-contained, portaliest support tool thatan also access th&. It can

be taken to tedites, such as DAACs, and electronicéithiked tothe IIR to downloadest data
sets, tesplans,test proceduregndtestcase definitions. After completion tests, the tedogs,

discrepancies, and recorded test data can be ported to the IIR via the Test Buddy.

Further details ornthe composition of thESE may befound in thelISE IV&V System
Requirements Document delivered on 28 October 1994.

Management of thdSE and its resident tools will be performed in accordawvite the
procedures detailed iAppendix A: EOSDIS V&V Tool Management Plan. ThEOSDIS
IV&V Team approach tepecifying, acquiringntegrating, testingnaintainingand usinghe ISE
tools is established in that appendix.

7.4 Performance Assurance and Continuous Improvement

Intermetrics' Continuous Improvement Program (CIP) is important tovérall EOSDIS V&V
methodology. Performance Assurance collected metrics on IV&V performance can be used to
mold and improve IV&V methodstools and procedures. Metrighat addressoverall
performance in terms of time and accuracg ofutility during internal self-assessments to
determine areas of improvement andandor streamliningthe V&V process anénhancing its
responsiveness. The Performance Assurance function provides a customer pemspentive
assessing V&V performance.

Performance Assurance can alsentify trainingprograms and materialbat would bevaluable
for correctingany deficiencies iW&V performance, or forenablinglV&V to stay abreast of
changes in the technology base. These recommendations are provideE@SDS V&V
Program Manager and will be used to ensure the program staff stays current.

7.5 Management Policies and Guidelines

7.5.1 Task Iteration Policy

Specific tasks such as requiremerttaceability analysisand document and code evaluations
require repetition to supporthanges associated with the Hughes multi-trdekelopment

process. Tasks will be iterated as necessary based on requirement/design document updates, code
modifications, and information identified the course of IV&Vanalyses, subject to funding
availability constraints.

7.5.2 Standards, Practices and Conventions

In conduct of the EOSDIS IV&V, the Intermetrics IV&Veam wll rely on bestcommercial
practices as reflected in IEEE standardscndelines ashe evaluation standard éonploy when
assessing developer performance. DoD/milistgndards and specifications will be used for
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* Information Tracking Tools
-Requirements Traceability Management (RTM) Tool
-Discrepancy Tracking System

» Data Base Tools
-Relational Data Base Management System
-Groupware

* Interface Analysis Tools
-Interface Data Consistency/Analyzer
-Graphic Communications Interface Analyzer

* Language Environment Tools

» Test Tools (shared with developer and other test agencies)
-EOSDIS Test System (ETS)
-AM-1 Spacecraft Simulation (SSIM)

This list is preliminaryand cover®nly the initial IV&V tasks. It does however represent the
foundation for the IntegrateBupportEnvironment(ISE). ThelSE consists of an Integrated
Information Repositorywhich houses the data bases, the Toolldxch containsthe V&V
support toolsand the IIR front-end tools, and thestBuddy whichprovides remote access to
the IIR. ThelSE is thebackbone of the IV&V effort. lenablesvisibility into EOSDISsystem
development as reflected in IV&yroducts, provides theapability to perform remotesite
testing, and ensures the flexibility needed to keep pace with technology.

The 1IR is the heart of thiSE, holding all the IV&V project data and results, agll as the
EOSDISdevelopment information. Thigpository isaccessible tthe usecommunity viafront-
end tools provided by the Tool boxlong with the front-end tools, the Toolbox contaaisof
the IV&V tools necessary fothe IV&V team to complete their tasktivities. Output products
as well asdata generated by the tools are stored in the IIR. The atswsretrieve data and
products from the IIR when necessary.

The Toolbox compartmentalizes the tools needed to access the IR, support the IV&V effort, and
establish andnaintainthe ISE. Front-end toolsrovide user access to data and prodsitised

in the IIR. The IV&V effort is supported by a widariety of electronic office and technical
analysistools which are integrated téacilitate datasharing. Data storage is separate from tool
software,allowing tools to be“plugged in andout”. Aslong as a tool can access thR, it

should be able to get needed darfais concept supports technologygrationover the EOSDIS
projectlife span. The Toolbox will also house the tooézessary fothe ISE supporstaff to
establish andnaintainthe ISE. This will includethe technologynigration ofthe ISE over the
EOSDIS life span and access control of the data in the IIR.
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Inputs Activities Outputs
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EXHIBIT 7-2: Overall EOSDIS IV&V Management Process Flow

7.3 Tool Management

From analyzingrequirements associated with théial set of IV&V tasks, thdollowing list of
tool categories for the EOSDIS V&V has been developed:

» Office Automation Tools
-Word Processing
-Graphics
-Spreadsheets
-Presentations
* Management Tools
-Project Tracking
-Configuration Management Tools (H/W & S/W)
* Network/Communication Tools
-E-Mail
-File Transfer Tool
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EXHIBIT 7-1. Relationships of Documents in the EOSDIS IV&V Planning Hierarchy

The overalltask managemenprocessflow is given in Exhibit7-2. Implementation of the
methodology is dependent upon timeely assignmerand performance of thveork required, as

well asthe utilization of personnelvho have the requiraggchnical expertise to cargut the
IV&V activities. The process is initiated with a SOW from the GSFC Task Originator (TO) being
released by the Contractif@fficer (CO) to Inermetrics as a Task Assignmémid) on GSFC
Form 18-5.

Intermetrics' EOSDIS V&V PManalyzeghe TA and, if appropriateeviews it withthe TO to
ensure complete understanding of talsjectives, scope, and priority. The Program Manager, in
concert with the=ALs, establishes general directions aondpe for the task ordand assigns a
Task Lead. The Task Lead prepares @ontractor Task Report (CTR), GSHFOrm 18-42.
Technical reportancludingthe monthlyprogress repornd the completioreport, are generated
by the Task Lead, while financial reports are generated by project cost accounting.

Once givenauthority to proceed, the Task Leassembleshe task team araksignsndividual
responsibilities to teanmembers to delivethe products and meet thehedule milestones
associated with theask SOW. The Task Lead provides both written and oral directidesrto
members to form a manageable and trackable fmasa&complishingaskobjectives. The Task
Lead hadull authority overassigned resources afutl responsibilityfor performance of the task.
Progress is tracked ameportedagainst scheduled milestones and assipneldets. Deviations
are brought to the attention of the PM for review and reconciliation.
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7. IV&V Management and Administrative Procedures

7.1 IV&V Planning Function

IV&V planning is an on-going activity that establishes directions, sets priorities, and task®s
methods and approaches &mcomplishing=OSDIS 1V&V objectives. EOSDIS V&YV planning
is done at multiple levels:

* This IVVMP establishes overall guidelines and directibms the EOSDIS V&V,
defining whatmethodologies and approaches will be used,idemwtifying resurces
available for conduct of the effort.

* The nextlevel inthe hierarchy providethe details ofthe methodologieslefining how
specific task activities wll be accomplished. Therare two plansgenerated athis
level: the ISVVPwhich coversall EOSDIS life-cycle phase-independent and phase-
dependent activities, and tB&CP which provides further details concerniBSDIS
in-line test activities.

* The bottomlevel of the planning hierarchy ithe IRVVP,which takes the results of
the CARA analysisfor thatrelease and provides specific allocation of resirces
against release elements across life-cycle activities appropriate to the release.

ThisIVVMP is updatedyearly, or awarranted by changes availableresources or in the nature

of theactivities to beconducted during IV&V oEOSDIS (i.e.changes in scope). The ISVVP

and possibly the EICP would also require updating under these conditions. Multiple issues for the
IRVVP areplannedone for each of IR1 arldeleases A, B, C, and D, respectively. Updates to
individual IRVVPs are not anticipated.

Exhibit 7-1 provides summary ofthe EOSDIS IV&Vplanningdocument hierarchy and the
contents ofindividual plans irthe hierarchy. Theélool Management Plan is an appendix to this
IVVMP, defining the structure that will be iplace to overse#&ol devebpment, acquisition,
integration,testand use on EOSDIS IV&\Mncluding configuration managemeahd access
controls.

7.2 Task Management

EOSDIS IV&V management methods comprise a closed-loop process consisting of:
* Planning (IV&V Plans at multiple levels with updates),
* Acting (assignment of tasks),
* Reporting (technical, cost and schedule status), and
» Controlling (task oversight).
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minimum, allnew items addedithin the reporting periodll currently non-resolved (open)
items, andall items closed durinthe reporting period. The repodsntain further breakouts by
component, design elements, contractor, etc. as required.

6.2.7 Requirements Traceability Data Bases

The requirements traceabilitlatabase is updated as program documentation is recediuat)
the developmenlife cycle. At periodic milestonegsee Exhibit 5-18), the datédase will be
baselined and delivered electronically to the IIR from which it can be accessed by NASA.

6.3 V&V Progress and Status Reviews

Every second month, theformation contained ithe Program Status Report (Section 6.1.1) is
supplemented with viewraphs and presenteulally to the EOSDIS V&V COTR and other
NASA, EOSDIS,DAAC, and PrimeContractor representatives iasited bythe COTR. These
status reviews are planned to be one-half dayiation,including timefor discussion. Program,
technical andinancial status is presented; a restricted subsaneéting attendees wittend
financial portions of the briefing.

The agenda for the status reviewdmslivered at leasbne week in advance of tkeheduled
meetingdate. View graphsare available onthe day ofthe presentation. Minutes from the
meeting, includingaction items and resolution of ongoing program issares,documented and
submitted within 5 working days following completion of the review.
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6.2.3 Technical Analysis Reports

The results oBpecificEOSDIS V&YV activitiesare documented ifechnical AnalysiReports
(TARs). Theseaeportsprovide asummary of significant findings as theslate to EOSDIS and
IV&V assessments, along with necessary techrsogport iformation. TARs also provide
conclusions, significanssues/concerns, and recommendations. Diffde@®BDIS V&V task
ordersutilize the TAR document format for capturidgliverable information. Asuch, the
general TAR format is tailored to thepecific needs othe individual activity; formats are
specified in preliminary form ithe ISVVP. Forexamplethe TAR documenting the results of an
analytic study/impactnalysis isstructureddifferently from a TAR giving the results of a
document review.

6.2.4 Review Item Discrepancies

At formal program review milestonethe Intermetrics IV&V Team drafts, in approved format,
and submits Reviewtem Discrepancies (RIDs) in accordance wpitiblished NASA instructions
for that review.

6.2.5 Test Documentation

For each component key interface and systesh conducted by the EOSDIS IV&Weam, a set
of testdocuments is generated and delivereth®s EOSDIS V&V COTR. Documents this
set include:

* TestPlans andProceduresielivered in draft andinal versions. Draft versions are
delivered sufficiently inadvance of the schedulddst date toenable review and
comment by interested parties/agencieBinal versions are due in advance of
scheduled testing.

« Test Logsand DiscrepanciReports, delivered assoon aspossible following
completion of the tests. The test logs provide a complete audit trace of what occurred
during test conduct and the DRs are used to document anomalies detected during test.

» Test Reportsummarizehe results from thpost-testanalysiseffort. Thesenclude a
delineation of which requirementgere validated by theest,and which requirements
slated for validation, were not qualified, and why.

6.2.6 Tracking Data Base Status Reports

The IV&V contractor creates, populatesd maintains a variety &OSDIS tracking data bases
encompassing program issues, NonconformaReports (NCRs) from thedevelopment
contractors, DR$rom integration and certification testing, RIDs fréonmal progressreviews,
and action items from technical interchange meetings. Selemtiiohp of these dathaseswill

be summarized aneported in hard copy format onnaonthly basis. Summaries include, at a
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the events occugnd include a discussion thike impactthe actions of the IV&V Team have had
on EOSDIS program activities.

6.1.4 Performance Assessment Summary

Prior to each awaréee evaluation activitthe EOSDIS IV&VTeam prepares arglibmits an
IV&V Performance AssessmeSummaryfor all activities duringhat period. This report will be

a summary of alhctivities and accomplishments completed duthrey awardee periodwith
particular emphasis on deliverablsgpport to programmilestones, anthe completion ofmajor
IV&V phase-dependent suppattivities as described in Sectibr2. Majorissues and concerns
identified bythe EOSDIS IV&VTeam are alsesummarized in thigeport, and IV&V team
actions and recommendations in response to these risks and concerns are reviewed.

6.2 Technical Reports

6.2.1 IV&V Plans

The EOSDIS V&V approach is documented in an organizecarchy oflV&V plans. Thefirst

of these documents is the current plan, referred to as the IV&V ManagBfariitvVMP).

This planpresents activities at a program overviwwel, definesthe overall approach, and
identifies the principaV&YV activities. It also focuses on the IV&V environment, resources, and
tool concepts. Thaeext subsequent plan the hierarchy isthe Independer8ystem V&V Plan
(ISVVP), which describes the detailed IV&V approach and explains hoactiéies comprising
the IV&V methodology will be conducted. The lowéstel of the hierarchy is occupied by the
Independent Release V&V PIARVVP), which detailghe specific activities andesources to be
employed for conducting IV&V of a particular EOSDIS component release. The IV&V EOSDIS
Integration and CertificatioRlan(EICP) detailsthe activities performed durinthe testing phase.

It provides insight and details concernthg multi-level test program that will be conducted as
part of the certification process.

EOSDIS V&V plans will beupdatedyearly, or agequired, to document necessary changes to
the software IV&V approachThis IVVMP follows the content and structugeiidelines given in

the IEEE Standard for Softwaréerification and Validation Plan§lEEE Std 1012-1986).
Lower-level plans will use IEEE Std 1012-1986 as guidance, but will deviate in areas where more
detail on specific activities is necessary.

6.2.2 CARA Results

Following completion of a CARAthe results and attendant recommendations for actions and
focusing of efforts will be provided to the COTRr@port format. Thisreport will detailthe type

of CARA performed, the factors and criteria employed in the review, and the resultant ordering of
the items assessed. Recommended actioifisineclude alternatives and priority indices to
facilitate subsequent decision making processes.
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6. Software V&V Reporting

The EOSDIS IV&V provides numerous produatsluding technicateports, progress reports,
financial analysesand requirements tracatabases to facilitatéhe transmittal ohdministrative
and technicalktatus infomation, performance assessments, and IV&\lysisresults. The
following sections discuss the general content, formatiamnt for classes of IV&\reports, all
of which are deliverable tothe 1V&V ContractingOfficer Technical Representati{€OTR),
Code 505, EOSDIS Project Office.

Reportswill be delivered in hard copy format with an electronic versiaailable on floppy disk.
Electronic media will be IBM-PC or Macintosh compatibleising Microsoft Office word
processing utilities (Word, Excel, and Power Point).

The EOSDIS IV&V Teamwill also maintain areferencelibrary of all documentdeliverables
generated by the teamdll 1IV&V data products andeportswill be inthe IIR, atFairmont, West
Virginia, and may be electronically accessed by the EOSDIS Project Office.

6.1 Administrative Reports

6.1.1 Program Status Report (Monthly Progress Report)

The Program Status Report (PSR) presentgptbgrammaticfinancial,and technicastatus of

the EOSDIS IV&V program on anonthly basis. Each technicatask currently active on the
contract isdiscussed with respect wgnificant activitiesand taskaccomplishments performed
during the previous month, agll as planned activitiefor the next performance period. In
addition, a status gdroblems/issues, identifyingsolutions to previous problems/issues, and any
new problems/issues along with proposed solutions, is contairtbd ireport. The PSRalso
reviews budgetary and manpower expenditures on a task-bydask withregard to actual
versus plannedesource outlaysThis report is preparednd submitted by the 15tlay of each
month.

6.1.2 Financial Reports (533M and 533Q)

NASA 533 series ofreports issubmitted bothmonthly (533M) andquarterly (533Q) in
accordance with Instruction NHB 9501.2B, entitled "ProceduresCtmtractor Reporting of
Correlated Cost and Performance Data."

6.1.3 Significant Event Reports

Significant Event Reports are prepared asubmitted to the COTR. Theseportsidentify
significant events and accomplishments durithg awardee assessment periththt warrant
consideration by theeviewboard during its awarfée determinatioprocess.Theyare issued as
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TASKS
METHODS/TECHNIQUES 1 2 3 4 5 6 7 8 9 10 | 11
5.1.1 Traceability XX XX [ XX [ XX [ XX XX
5.1.2 CARA XX XX | XX
5.1.3 Discrepancy Handling XX XX | XX | XX XX
5.1.4 Configuration Control XX XX XX
5.1.5 Documentation Review XX XX | XX XX
5.1.6 Formal Review Support XX | XX | XX XX
5.1.7 Studies/Analyses XX| XX XX XX | XX | XX | XX | XX
5.2.1 Concept Phase XX XX XX
5.2.2 Requirements Phase XX XX XX
5.2.3 Design Phase XX XX XX
5.2.4 Implementation Phase XX XX| XX
5.2.5 Testing Phase XX XX XX
5.2.6 Install/Checkout Phase XX XX XX
5.2.7 Ops/Maintenance Phase XX
6.1 Administrative Reports XX | XX
6.2 Technical Reports XX | XX | XX | XX [ XX XX [ XX XX XX
6.3 Progress/Status Reviews XX XX
7.1 Planning XX XX | XX XX
7.2 Task Management XX XX XX XX | XX XX [ XX [ XX XX XX XX
7.3 Tool Management XX XX

EXHIBIT 5-19
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EXHIBIT 5-18. Milestone Schedule for Initial Set of IV&V Tasks
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IV&V Infrastructure

T1: IV&V Project Management

T2: IV&V Facilities, Operations,
and Program Reporting

T4: Infrastructure and Tool
Development

I IV&V Planning I

T3: IV&V Plans

T10: Development of EOSDIS
Integration and Certification

Plan

I Requirements I

T5: Requirements Analysis
and Traceability
T9: Key Interface Analysis

Verification

T6: IR1 Development Analysis
T7: Release A Development
Analysis

Validation

T8: Release A IV&V Test and
Test Scenario Generation
T11: Key Interface Testing

EXHIBIT 5-17. IV&V Categorization of Initial Tasks

Exhibit 5-19 provides an allocation of the IV&V methodoldmylding blocks defined in Sections
5.1 and 5.2, milestoneeports and deliverables defined 8ections 6.1, 6.2and 6.3, and
management techniques described in Secfiohs7.2and 7.3 ofthis IVVMP acrosshe initial
task set for EOSDIS IV&V.This allocation identifies which methodologies will be employed in
the performance of théndividual task by reference to the sectionumber in which the

methodology is described.
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tasks on the EOSDIS IV&V task ordering contract. Untlas contract, NASA GSFC
determines specific tasking requirements and issues $@Weir accomplishment. The IV&V
Team responds to the SOWSs and, after agreement on approacbstsydundertakes the tasks.
The open IV&YV tasks atny givenpoint intime have an individuand unique composition (i.e.,

the tasks at one poidiffer from those abther points in time).This provides taskinddxibility

and theability to refocus IV&V short term resources. Because of the potangtlbility of the
tasks,this alsdimits the ability to structure angblanthe longer term IV&V effort. This isone of

the principle reasons for théierarchy oflV&V plansfor EOSDIS. Theierarchy enables this

plan to describe the broad general approach, while lower level plans provide task order specifics.

Even though thepecifictasks over thdife of the EOSDIS V&V contract cannot be predicted
with certainty, tasks can be characterized as falling into one of five broad categories:

* IV&V Infrastructure -including program managemeriiysinesoperationgfacilities,
computer resources, etc.), and the development and maintenance of IV&V tools.

* V&V Planning - includingasksspecificallydirected toward thgeneration oplans
covering multiple aspects and time frames associated with the IV&V effort.

* Requirements - includingasks directed towar@nalyzing, tracking and assessing
EOSDIS requirements.

* Verification - includingtasks directed towarlife-cycle verification activities spanning
the concept, requirements, design and implementation phases as defined in Section 5.2.

» Validation -including tasks directed towardertifying the performance of EOSDIS
and its constituent components, elements and interfaces.

Theinitial set of taskslefinedfor the EOSDIS IV&Vcomprises 1tasks,seven of which are
currently open (i.e., active). These tasks are categorized in terms of the above taxonomy in
Exhibit 5-17. The span of these tasks encompass ECS IRRaaedse Abut does noéntall

IV&V for EDOS or Ecom. EDOS related tasking will be added (a Task 12 covesihg ife-

cycle EDOS has been defined). Ecom (which haseparate 1IV&V effortdefinedfor it) is
planned to come under EOSDIS IV&V cognizance during Testing Phase activities.

Exhibit 5-18 provides thenilestone scheduldsr Tasks 3 through 11. Tasksathd 2 span the
entire contractime frame and include milestonassociated with periodic reporting status,
progress anaccomplishments.For space&onsiderations they amot included inthe exhibit
because of the repetitiveness of tikestones. The four defined taskst currently open are all
scheduled to be initiated during the 1995 Government fiscal year.
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changes), design assessment, implementation monit¢aimgysis of system performance),
integration andest, and installation andheckout. It however has much narrower scope

(engineering change proposaise entire systemsand executes overmuch condensed time-
frame (measured in months instead of years).

Inputs Activities Outputs

System Problem > Analyze
Reports > Problem
Reports

Define Engineering Change
. Ch
Traceability AN - ange Rgmnts

i ® Requirements
Matrices q Documents

Engineering ® B cyaluate ECPs/

Change \ | Determine - Egpolrrt"pad

Proposals / Impacts ¢ p

\\ Assess/ Monitor

Changes/ Update -

Upgr:gdes / P»-| Change Traceability L Traceability
> Development Matrices Matrices

- Software

! ggrcivr\gr?tation Integrate _
Changes —p( Discrepancy
Emergency/ \ v Reports

Uncheduled

Releases / -
—_— Identify Test - | -
o Regression nstallation
S . Tegﬁng ' B> and —— @—{Test Reports
Revise Checkout
Test Plans and

| Procedures
Procedures

System
AN —| Analyze System > Performance
Log System g | Performance Report
Statistics

EXHIBIT 5-16. Operations and Maintenance Activity Network

The basic V&V methodologies used are descoped variations on the standard methodologies
employed duringnitial systemdevelopment, and include maintenancg¢heftraceability matrices.
These matrices are essential inputs during this phaseaildeged to assesspacts ofproposed
requirements and engineering changes, and as a foeaeserminingwhat testing is required to
evaluate changes at the test case level.

5.3 EOSDIS IV&YV Initial Task Structure

The materials in Sections.1 and 5.2 abovalefine the methodologybuilding blocks” the
Intermetrics V&V Teamemploys duringthe course of the EOSDIS IV&V. Thebailding
blocks enable a systematic and commapproach to the objectives associated withvidual
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Post-testanalysisand reportinganalyzeshe results data in accordanigh instructions in the
approved analysis plans. Problem reports for anomalies uncoveredahalygisare written and
the final Test Report is prepared. The Test Repmuvides asummary assessment of the
readiness of theystem undetest to support EOSDI&issionoperations, documenfgoblems
uncovered, and identifies any deviations from approved procedures.

5.2.6

Installation and Checkout Phase

Objectives of the Installation and Checkout Phase IV&YV are to monitor and assestatia¢éion
process and toertify the integrity ofthe configuration. The process methodology to meet these

objectives is given in Exhibi6-15.

The Intermetrics IV&VTeam provides review and

assessments at eastep of thenstallationprocess to ensure an orderly dimdely progression

The configuration items comprising each component will be
verified at installation te@nsure thabnly fully-qualified components and elemerdee installed.
Summary reports will be prepared and delivered following completion of these activities.

through schedulednilestones.
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Release
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Release
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Documentatio
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Installation
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Installation Plans/Procedures
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Installation
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% Installation

Process
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Problems Corrective
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t Completeness
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P |Installed
Configuration

|——p-|Prepare Installation

5.2.7 Operation and Maintenance Phase

Measures

Installation

Certification Report

EXHIBIT 5-15. Installation and Checkout Activity Network

P Certification

Report

The objective of Operations and Maintenance Phase V&V is to prifedaycle support for on-
going operation ofEOSDIS. Asillustrated in Exhibit5-16, 1IV&V activities during the
Operations and Maintenance Phase constitute a microcoshe o$oftware developmelife

cycle, focused on engineering changegshe baselinedEOSDIS. This life cycle includes all the
traditional phases: concepts (engineering change proposals), requiranadygs(requirements
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Inputs Activities Outputs
EOSDIS
ificati — Identify Test .
ICD:IZ rrt]lflcatlon > Obi f)t/ y [ Traceability
> o Jec |vest Matrices
> equirements
Functional and d
Performance P Develop Test Test Plans
Requirements - Approach | and
»| Documentation Procedure
User and
Interface
Requirements
\
Developer Execute ) > Test Summary
Testing — | Test Reports
t TARs Dry Runs
Lessons Learned Formal Tests
Retests (as needed) '
p-( Test Reports
User Manuals Conduct Post-Test Analysis
and Operation and Reportin
p. P 9 »(Anomaly Reports
Instructions

EXHIBIT 5-14. Testing Activity Network

Identification of test obgctives and requirements is based on BIEP, Functional and
Performance Requirements (F&PR) documentation, and design documentatiestahtishes

the specificset ofrequirements to be evaluated by the Intermetrics IV&V Team. The process is
supplemented by theaceability activity, as defined Bection 5.1.1which linksrequirements to
specific test levels and cases. The resultant traceability matiaces used to ensure that all
requirements are thoroughly tested.

Test approach documentation includes test plans, test procedurasalysd planfor eachtest.
The TestPlan defineghe specific test supportrequirements antest datacharacteristics, and
provides an overviewestdescription. The corresponding Test Procedures docwspedifically
identifiestest data setqrovides step-by-step execution procedures,dafidesexpected results
and acceptance criteria for eaelt event. Analysis planappendices specityre procedures for
conductingpost-testanalysis, includinghe required data arahy algorithm odata reduction
necessary toerify the test results.The analysis plan appendialso outlines procedures for
evaluating anomalies discovered during the test and/or analysis of the test data.

Tests are conducted by the Intermetrics IV&V Team in accordance with apptestd
procedures. Tesiry runs are used to validdsst procedureand datacollection methods.Test
and retest (asnecessary) sessions doemally witnessed,summary or“quick-look” results
reported,and data collected faost-testanalysis. Problemdetectedduring testexecution are
reported immediately via DRs.
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* Regards certification as eulmination of a variety oforocesses used to qualify
EOSDIS performance including inspections, demonstrations, analyses, and tests, and

* Relies on a progression of testing levels ranging tests of stand-alone components,
to key interface testing, to testing of integrated strings (sequences) of interfaces, to
end-to-end system testing of data flows and operational performance.

Component-level testing evaluates the F&PRs associatednditidual ECS, EDOSand Ecom
component releases. The principal objectives are to validate that the edmasts within each
component areompatible with eachtber,andthat each componenbmplies withthe allocated
functional and performance requirements.

Key interface testing lggns with evaluations of single interfaces, followed by evaluations of
progressively more complex combinations of interfateading up toend-to-end testing of
system threads/strings. Objectiveslude validatiorthat eachinterface meets its functional and
performance requirements, supports EOSDIS operational scemauasng transmission afata
across thainterface, and works in concertith other interfaces withouiany degradation in
performance.

System-level testing is a natural continuation of key interfaead-to-end testsusing
representativenissionscenarios andata throughput rates to lidate that thefully integrated
EOSDIS meets the F&PRiscludingits ability to support thescience usecommunity. System-
level testing isonly conducted on those releases intendedgupport operation of EOSDIS
satellites.

An approach focertifying EOSDISfunctionality and performance is providede EICPwhich
definesthe various testintpvels, and describdsow they contribute to thaverall certification
process. The EICHetailsthe progressiveuild-up in complexityassociated with th&ayered
integration approacheingtaken. Component certification validatslivered functionality for
theindividual releases.Key interfaces are both inter- and intra-component, andargified as
such because of their criticality, complexity and centréditysuccessfuEOSDIS operations. As
more and more components and elemanés integrated, strings become functiqead., the
transfer of datdrom White Sands to Fairmont and onthe DAACS) and are validated. String
testing extends beyond mere validationhef interface, it alsoertifiesthe correctunctionality of
each node in the string (continuing th@mplecorrect generation of tHeevel Odata sets would
be validated). Sufficient integration is eventually accomplishedatcentirelogical segments of
the EOSDIS are iplace and functiongle.g., datangest and routindogical segment, science
operationdogical segmentflight operationdogical segment, et At thesanilestonesgnd-to-
end system testing is accomplished, #efunctionality and performance die logical segment
is certified. TheEICP includesMaster TesPlansfor the componenkey interface, andystem
levels of EOSDIS testing.

Testing at each stage of progressive integration can be accomplished utilizing a common approach
methodology. The sameasicset ofactivitiesare completed regardless of teeel of testing

being performed. This underlying methodology consistee@fequence aictivities identified in

Exhibit 5-14.
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Inputs Activities Outputs
Source Code >—f——#| Analyze
—p»| Code —@ ® C_ode
Code & AN — Structure Discrepancy
Data Base l L Interfaces Reports
Documents - Modules
| . - Complexity Source
- Design _ L Soundness Code Analysis
Documentation - Control Flow Reports
- Development | Data Flow v
Folders L Compliance
- User's Manuals ® p| Analyze ?at?] Basle
- Listings Data o 'Echnica
Bases Analysis
Software Correctness
Development Completeness
: Accessabilit
Plan; Codin Assess Code & Intearit y
Standards —- Data Base ntegrity
—®|Documentation
- Completeness
- Correctness
- Consistency
- Readability '
Contractor Review/Assess .
Development >—1¢———— | Plans and Technlpal
Testing Doc Procedures Analysis
Reports
Plans —
Procedures Monitor Test ansfrroc
Results Test Conduct
Test Results

Conduct I

p-| Review/Assess
Test Results

EXHIBIT 5-13. Implementation Analysis Activity Network

5.2.5 Testing Phase

Objectives othe Testing Phase IV&V are tertify that EOSDIS_evel 2 and 3 Functional and
Performance Requirements (F&PRs) allocated to a releasatsmfed, and to certify that all
components (ECS, EDOS, Ecoarnd key interfaces functidngether correctly tyield desired
EOSDISoperability. These objectivese muchbroader in scope than thoasually associated
with IV&V testing. Tralitionally, IV&V testing is confined to independent, redundant testing of
specificaspects of the systenEOSDIS IV&V testing will be conducten-line, aspart of the

overall developmengffort. The Intermetrics EOSDIS V&V teamill satisfythese objectives
using an approach that:
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Inputs Activities Outputs
RequiremenFs Analyze P p-( Interface
Documentation Interface Discrepanc

System Structure P>\Reports /

Software

Interfaces > Analyze Interface
External Docs > Data Content,

Completeness & > Interface

. Expression Technical
Design . 4 E( Analysis
Documentation, ™\ _Reports

Interfaces
Sofware
System
External Docs

Assess Consistency Interface
Across Interfaces Assess Interface Design
Design Impacts Impact
Report

Design
Implementation
Report

' Interface
Assess Interface Schedule/

= Development & Status
Test Status Report

Development
Schedules

EXHIBIT 5-12. Interface Analysis Activity Network

5.2.4 Implementation Phase

Objectives of Implementation Phase IV&fe toverify that developed code wmianizes the
design, and to assetb® sufficiency ofthe testing process tehich code is subjected during the
developer's software development procebsaceability is extended tthe code structurievel,
and test cases ardinked to the requirements duritgis phase in accordance with the
methodology given in Section 5.1.1. Phase specific activities are summarized in Exhibit 5-13.

Thetop portion of theexhibit identifiesthe major processes thate part of the codeerification
effort. Thesanclude analysis othe code structure versus ftthesign,analysis ofthe data bases
and assessment of the documentatiddl. aspects of the codenplementationare subject to
scrutiny during this phase, includirthe procedureesmployed as specified ithe Software
Development PlarifSDP), and theechnical details reflected e contents of the Software
Development Folders (SDFs).

The lower portion of theexhibit detailsthe steps that afellowed when assessing the
development contractor's testing. elssence, IV&V serves as a monitor avetchdog ovethis
process;reviewing plans angrocedures for completeness and appropriateness, watelsing
conduct to ensure proper conduatd recording, angviewing results documentation for
accuracy and scope of coverage provided byesteprogram. [V&Vmonitorsall formal testing
performed by the developer prior delivery toNASA. For ECSthis includes segmenmgsting,
system integration testing, and acceptance testing performed by the IATO. For EDD&ies
development integration testing, system integration testing, and developer functions and
performance testing.
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Reports are generatedbcumenting design issuglat can potentially impadaither system
elements (e.g., interfaces).

Inputs Activities Outputs
Design
Documents
System
Interfaces : Assess Design
Software i
— DeS|gr1 ® Impact
Data Base —: Functionally &ieports
Traceability [ Completeness
. . Assess :
Matrices L Consistency : Design
L Correctness Design Technical
Effici Expression Analysis
Development\ - Efficiency

L Maintainability [ Clarity Report

Plans _ .

L Modularity Ambiguity
Regrmnts "\ | Realism Readability
Allocation L Complexity

- Testability — g | Assess Design Discrepancy,
Design Compliance
Standards Growth
& Specs Portability
Openness

Interface N\ Technical
Design Currency
Impact Repory”

EXHIBIT 5-11. Design Integrity Activity Network

The methodology for attaining the last of esign Phase V&V objectives, interfagability, is
illustrated in Exhibi6-12. Standard IV&V practices woulckat theinterfaces as onglement of
the design. However, because of the langeber of interfaces iIBOSDIS and theicriticality

for overall system functionalitythe V&V Team has elected to elaborate the interfaxadysis
methodology separately. This methodology includésanalysis ofthe structure, data content
and functionality ofthe interfaces anidcludes provisiondor assessing consistency across
multiple (chained or sequentially linked) interfacéBARs, DRs, and Interface Design Impact
reports are generated as appropriate to present the results @rthlyses. The Interfagesign
Impact Report irparticular attempts to capturgsuesthat may have d@roader impact oother
system elements. Theultiplicity of interfaces,and the potential fdogistical problems
associated with coordination of testing on EOSD8, tothe inclusion of astatusassessment
activity in the interfacenalysismethodology. Also during this phase, traceability is extended
from the requirements to tliesign elements satisfyirtge requirements in accordance with the
methodology presented in Section 5.1.1.

EOSVV-0301-12/2/94 5-14



EOSDIS Independent Verification and Validation Management Plan

Inputs Activities Outputs
System i
. Analyze Requirements
Description _.__:Requirements ¢ * > Analysis
Documents Report
Specifications
Proposals
Reports
p-( Requirements
) Assess p-| Discrepancy
Requirements p|Requirements Reports
Documentatiopn” Allocation to v
—™|Releases
gS:tresm Assess/Track ]
In):erface Requirements gte(guw%ment?
S Evolution alis Repoy
- Software v
Identify Assess Problem
Problem ——= potential Requirements
Requirements Impacts Assessment

EXHIBIT 5-10. Requirements Phase Activity Network

A structured methodology iemployed for assessinglement and interface requirements.
Requirements aranalyzedor technical integrity, criticality, risk and conflict with programmatic
constraints (e.g., need dates, operati@malironment considerations, etc.). The allocation of
requirements to the release at hangerdfied toensure a complete set of requirements, consistent
with intended use of the release. Results are documenteghnical AnalysiSReports and/or
DRs as appropriate.Requiremeatslysis is aron-going process for EOSDIS because of the
emphasis on accommodatiggowth and the need tmntinually evolve against changing science
user scenarios. The latter consideration in fact represents one of theignibicant challenges

for EOSDIS IV&V. Science usetechnical requirements and demafatsservicesare notwell
documented noentirely known; unforeseen events caise a dramatghift inthe requirements
base(e.g., avolcaniceruption orsimilar occurrence). The existence of the requirements tracking
database and theystematic methodology Intermetrics has in place for performing requirements
analyses mitigates this challenge.

5.2.3 Design Phase

IV&V objectives associated witthe Degn Phaseare to assess tifienctionality ofthe design,
the soundness of its expression in documentation, andbthigy of its interfaces. The first two
of these objectives are satisfied by the design integrity activity network illustrated in Exhibit 5-11.

The design is assessed widspect tovell-defined criterieassociated with itfunctionality, with
its documentation, and with its ability $apportevolution and growthequirements. Attention is
given toboth thedesign expression and its compliance with standards, betteasse are the
foundation for software coding, and experience shihasconfusion/misinterpretations during
the hand-off from design to implementation to be a mapurce of errors. Design Impact
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difficult to assess whethe involved elementare atdifferent maturity levels.Existence ofwell-
defined methodologies, and Ar&V staff trained in their usegnableghe Intermetrics EOSDIS
IV&V Team to quickly adjust its focus between tl#ffering maturity levelsand to properly
account for the impact that this has on analysis and test results.

5.2.1 Concept Phase

IV&V objectives ofthe Concept Phase areitientify designconcepts, develop an understanding

of the technology base needed to develop these concepiaydne foundation fomitigating
program risks. IV&V activities duringhe Concept Phas®mplement these objectives as
illustrated in Exhibits-9. The IV&YV focus is orassessinghe ability of the developer to nurture

the design concepts to maturityithout exposing the program to unacceptable feskels.
EOSDIS IV&V will provide an unbiased perspective during this early phase, which can serve both
to alert the developer to potential difficulties/pitfalls, and to identify areas on which to concentrate
IV&V efforts during subsequent phases of the development.

Inputs Activities Outputs

Concept |_g| Evaluate
Document Concepts
Systems
Missions
Operations Assess
- Prototypes Limitations &
Constraints
Assess > Prepare Concept Concept
Risks Assessment Report Assestsmen
Repor

EXHIBIT 5-9. Concept Phase Activity Network

5.2.2 Requirements Phase

IV&V objectives duringthe Requirements Phase of developmerE@EDIS elementsare to
establishthe requirementkierarchy and linkagesserify the soundness of the results of the
developer's requirements engineerprgcess, and tadentify requirementshat arelikely to
represent challenges or problems for the developers. The first of these objectives is met through
the traceability activity as described in Sectlid.1. Theremaining objectiveare embodied in

the phase-specific activities detailed in Exhibit 5-10.
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Component Mission
Configuration Operations
CONCEPT / Delivery / Capable
REQUIREMENTS
DESIGN
IMPLEMENTATION
Code —P
Development Tests .
TESTING
Plans I Component —
and | Interface —
Procedures 1 System —
INSTALL/
CHKOUT OPS & MAINT
Verfication Validation — - Operation

EXHIBIT 5-8. EOSDIS Life-Cycle Model and IV&V Stages

» Testing - theplanning, conduct and documentation of tests acrosseaes of
progressively higher levels aftegration extending from stand-alone components to
interfaces to strings to tHally integrated EOSDIS.This phase is performed by the
IV&V and Integration Teams in concert with NASA.

* Installation and Checkout - IV&V of the integrateystem in its operational
configuration and environment.

* Operations and Maintenance - entails preserving amobncing the delivered
performance of EOSDIS, ardcilitating sciencaisercommunity access tBOSDIS
data and products.

From the IV&V perspectivethis life-cycle model igartitioned into three parts asdicated.
Verification encompassethe first four phases of thiée cycle, ending withthe system
configurationdelivery milestone at which @mponent release f&CS, EDOS or Ecorpasses
from beingthe developersesponsibility to beinghe responsibility ofthe NASAEOSDIS
project. Validation extends from this pothrough the Testing Phase and the Installation and
Checkout Phaseulminating in establishment of an M@Gsociated with deployment (launch) of
a satellite. Operation of the system follows the MOC milestone.

Superimposed on this basic modelhe Hughes multi-track development procedsch means
thatduring verificationindividual elements athe sameECSrelease can be in different phases of
the developmentycle (e.g., onemay be irdesign,while anothermay havecompleted module-
level testing). This is anaddedcomplexityfor IV&V because interfaces and interoperability are
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two phases of implementation atesting. The Implementation Phase is a composite of code and

development testing anthcludes alltesting performedoy, or on behalbf,
(including IATO acceptance testing).

the deve

test, and includes all certification activities performed by the IV&V contractor.

Inputs

Task Order
SOW

IV&V Plans >’|

Al

Activities

Determine
Objectives,
Approach and

Outputs

Schedule

.

-

Technical
Papers/
Discussions

Relevant
Sources

- Performance
Models

- Prototypes

- Simulations

- Analytic Studies
- Tests

Conduct
Background
Investigations

]

'

Perform Analyses

-

Document
Results and
Conclusions

=

Recommend

Study
Results
Report

Future

Actions/
Directions

EXHIBIT 5-7. Special Studies Activity Network

Plans &
Direction

loper

The Testing Phase encompasses system integration and

It is entirely possibleéhat to becompletelyaccurate different segments dhe overall EOSDIS

may requireindividualized life-cyclemodels. For instance, Exhibib-8 may accurately depict the
flight operations perspectiveshile a scienceperations perspectivaay initiate the Operations
and Maintenance phase prior ttee Mission Operations Capable (MOC) mileston&his issue
may be important for EOSDIS certification, and if so, will be further addressed in the EICP.

This life-cycle model given in the exhibit consists of seven distinct phases:

identified and analyzed.

soundness of the requirements and the best means for satisfying them.

for building the system.

Concept Development - concepts, technology base sgatém architectures are
Requirements - engineering and design studikes performed to determine the
Design - design elemendsefinalized and the architecture iterated to provideaais

Implementation - includethe system build(coding) and the development testing of

units, modules and configuration items. This phase inchitlessting performed by
the developer and his agents.
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of the design, depending on the needs oEfBEDIS program. Thinpetus for such studies can
come fromany verification activitybut mostcommonly arises fromquestions raised during the
document review process.

Inputs Activities Outputs
Ancillary
Review — Establish
Documents — Focus and y
Rgmnts Specs
Design Specs —
Software Docs B:)ec:%&::laetr?try
CARA Reviews V Support
Review p-|Attend Review NASA |
Guidelines Sessions Review RIDs
Standards Assessment
Requirements
Agenda Formalize Review |,
Comments l
Issue/
Enter Into Issue/DR DR Stat
Tracking System auis
Reports

EXHIBIT 5-6. Program Review Support Activity Network

Exhibit 5-7 provides g@eneral methodology for analytic studies/impacalysesthat is easily
tailorable to encompasdl situations that arékely to arise during the course of tB#OSDIS
IV&V. Noteworthy features othis methodologyare theearly attentiongiven to defining the
objectives and approach (and documenting them in a Jlahy, and recommendations for
future courses of actions based on results provided at study conclusion.

5.2 Life-Cycle Phase-Dependent Activities

Life-cycle, phase-dependent activitiemre those performed durisgecific phases of the
developmentife cycle. Life-cycle models exhibit variabilityith respect to how the phases are
labeled,what specific activitiesare included in a particular phase, anow the phases overlap
during transitions. The model presentedExhibit 5-8 has been tailored to provide insight into

the EOSDIS IV&V tasks in general, and thdine testing activities to be performed 6OSDIS
components, interfaces and systems certification in particular. This tailoring is most evident in the
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[Inputs Activities Outputs
source — Prioritize/
9:°°“me”ts —®Establish
- Development Plans — Review Level
- Rgmnts Specs
- IRDs/ICDs
- Design Specs
- Software Docs Initial Analysis/ _
L Test Plans/Procs P> Discrepancy Discrepancy
- Users Manuals '
L Training Materials
Detailed Doc Review
CARA Resulls Analysis/Impact B Tech Analysis
Assessment Report

Applicable I

Standards/DIDg~

EXHIBIT 5-5. Document Review Activity Network

5.1.6 Formal Review Support

The Intermetrics IV&V Team will participate fiormal reviews of developers’ efforiscluding
System Requirements RevieSRRs), System &sign ReviewgSDRS), Preliminary Design
Reviews (PDRs), Critical Design ReviewgCDRs), andTest Readiness Review§TRRs) as
appropriate and necessaryThis participation extends teupporting NASA in providing a
summary assessment thie quality of the review and in thssuance of RIDs concerning the
material presented at the review.

The program review support methodologgisgrammed in Exhib®-6. Supportactually begins

in advance of théormal review, wherthe 1IV&V review team is formed and createsrégiew

strategy by assessirayailable pre-review technical documentation, &sll as guidelines and
expectations for review conductThis activity includes establishing review prioritiasing
available engineering analyses including the CARA. Review team members attend review sessions
in line with their expertise, and participate both in the NASA review assessment anelviava

team meeting to draft RIDs.

5.1.7 Analytic Studies/Impact Analyses

Analytic studies/impact analysemre special studies performed when detailed anaklyck,
beyondthat normally expected as part of other IV&&Cctivities, is required concerning particular
aspects of the EOSDIS development. These stud@srange from technical background
investigationge.g., theoreticahnalyses of design algorithms) to prototyping/simulating elements
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Inputs Activities Outputs
IV&V Data Log & Track
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t External Data
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.
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Distribution
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— R t :
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iati Accounting
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EXHIBIT 5-4. Data and Configuration Control Activity Network

The Intermetrics Team wiimploythe document review methodology depictefbxhibit 5-5 for
EOSDIS IV&V. As documents aneceived, theyare prioritized for review anahalysis. This
prioritization serves both testablishthe order invhich the documentwill be assessed and the
level (depth) of thatassessment. The results of CARWalysesare fundamental to the
prioritization which ensures that the document review process is continually aligned with EOSDIS
program goals and constraints.

A two-pass review methodologyusilized. Onthe first pass the reviewarakes margimotes in

the document anflagsareas thamayrequire furthemnalysis, othatmayrepresent aeficiency

serious enough to warrant issuance of a DR. Areas so identified are discussed with the Task Lead
and/or FAL for disposition, and testablishthe need fopossible analytic studies or impact
analyses beyonthe scope of the document review task (see Section 5.Arglyses within

scope of the document revig@ssentiallyshort pen and paper studies) ammpleted and the
second pass review of the document initiated. tl@8 second passhe revieweapplies the

results ofanalyses performed, and formulaties review comments to be issued in the document
review Technical Analysis Report (TAR).

The entire documentation review processdaleable tavorkload, time availability,and dollar

limitation constraints, thus ensuritigat the document review process donesbecome an end to
itself and consume inordinate amounts of project resources.
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Inputs Activities Outputs
Discrepancy/ .
Issue || Review Board Is_sue &
* \ ¢ Discrepanc
Documentatio | Assessment pancy,
Reports
New Administrative Closure
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Pending Resolution Re(_:ommend D_isposition DR Data Base &
- Updated/Revised - Action/Resolution Master Log
Closure
Issue &
Supporting - Internal Y DR Analysis
Materials ﬁss?ss.men Reports
nalysis
- Designs | J '
- Test Plans, Procs, . .
Results Maintairy/ Prepare Issue &
- Analytic Data Update/Track [~ Status [ DR Status
DRs and Issues Reports Reports
Aged
Priority
Status
Agency
System
Assignment

EXHIBIT 5-3. IDHS Activity Network

General procedures for configuration atata control on the EOSDIS IV&V aibustrated in
Exhibit 5-4. Majorfunctions includedata andconfiguration item logging and tracking, integrity
maintenance, distribution, arstiatus accounting. Interfacesth other EOSDISConfiguration
Management (CM) organizations, teclude the progranoffice andthe developers, will be
maintained. This helpensure theimely exchange of information witttheseagencies, and
facilitates coordination oftest configuration, whenthe V&V contractorassumesin-line
responsibility. This responsibility transiti@ccursfollowing completion ofcontractor tests as
detailed in Sectiob.2. Principaloutputs from theonfiguration andlata controkystemare CM
Status Reportand the Dat#ccession List. The forme&summarizeshe current status daems
underformal configurationcontrol, and the lattedetails items added tthe library/inventory
during a reporting period.

5.1.5 Documentation Reviews

Document reviewsare amainstay of anyV&V effort. The interim products of a software
development effort are documents, and they muahblzed to ensutée rightproduct isbeing
developed in aefficient manner.Life-cycle verificationrequires that theutputs ofeach phase
phase be complete, be consistent with the input requirements, awcdpakle of ready
incorporation in the next phase (i.e., be unambiguous). These general critenglageed when
reviewing anydocument. Morespecific criteriarelated to both théfe-cycle phase the project is
in, and the type of document being reviewed are also employed.
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» To prioritize itemdor work sequencinge.g., fordeterminingthe sequence inhich a
set of documents will be analyzed),

» To assess overall and relative rigksy.,determine where to concentratetivities to
maximize impact/payoff to the program), and

» To establish importance levels (e.g., determine focal points/issues or establish priorities
for where/what to concentrate on while engaged in IV&V analyses).

5.1.3 Issue/Discrepancy Handling

The EOSDIS IV&V contractor willprovide the EOSDISprogram-level Issue/Discrepancy
Handling Systen{IDHS). The tacking and reportingortion of the IDHS will be automated,
andwill be capable of maintainingnd cross-referencing multiple data bases. The goahavto

a system that is compatible with those being utilized by the development af@nEiéS, EDOS
and Ecom. This will facilitate transferring open issues, action items, nonconformapoets,
Review Item Discrepancies (RIDs), etc. from developer cognizancEQ8DIS program
cognizance following delivery of a releaséhe IDHS becomes the Issue/Discrepancy repository
following official delivery of a release configuration to NASA.

As illustrated in Exhibit 5-3pperation of the IDHS islosely aligned witithat of a review and
evaluation board invhich the actuallecision makingauthority to accept, reject, close and/or
disposeissues/discrepanciesvssted. It is anticipatetthat the V&V contractor will Ave full-
membershipepresentation on thizoard. The composition and charter of the boaliisently
TBD.

Based on review board evaluatiorssues and Discrepan®eports (DRs) are entered into the
databases and assigned a tracking numbathin the master log for the appropriate datese.
Cross-linkages tother datébases (and tother trackingsystems irthe case oinheritedreports)
arecompiled. Thestatus of anssue/discrepancy camly bechanged by board actiowjth the
databases updated accordingly. atsis reportsummarizingthe contents of the dakmses are
generated at regular intervgleonthly or weekly depending grogram schedule and urgency
considerations), or on demand. Thesports will groupand order items with respect to a
number of possible characteristiegje, priority, current status, status chargjéected system,
issuing agency, responsibility assignment, etc.

5.1.4 Configuration and Data Control

The EOSDIS IV&V contractohas responsibilityor controlling configuration andataitems
underhis cognizance. Thigicludes: (1)dataitems generated khe V&V contractor, (2) data
items supplied tothe V&V contractor whoseonfiguration must be maintained, and (3)
configuration items supplied the V&V contractor forhis use during the progranilhis latter
categoryincludes items ofest supporequipment such as tlOSDIS TesSystem(ETS). Test
tools procured or developed by IV&V are also included.
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The general sequence of activities associated with performance of a CARA is given inS=Xhibit
Early activities establisthe context (purpose and scope) of the particDsiRA and, based on
this context (which includes identification of thlements to beanked), select theriticality areas
and risk drivers for detailed evaluationRisk drivers can include such considerations as
complexity, maturity of technology base, requirementatility (stability), testability, experience
base, available resource basesuitability of tools/techniques, etc. Criticality areasinclude
operations (mission/user), programmatics (cost/schedule), technical, and safety. When setting up
the CARA, each risk driver ardditicality area isdefined interms of the rating criteria to be used
(i.e., theguidelinesfor assigning a particulaacore). Theséefinitionsare EOSDIS an@ARA
contextspecific and reflecprogram goals and objectives. Consideration is @ilgen to other
inputs, such as program documents. The next step is todoavan experts evaluate the
program elements wittespect to the rating factofsriticality areas and risk drivers) anecord
their evaluations in the scoring matriceScores are tabulated, a weighted compositermed

for eachelement beingevaluated, and the results are averaged aabs®mainexperts to
produce thdinal CARA score. The prograrelementsare then rank ordered and sequenced
according to the score received.

Supporting N _ | Establish
Documentation | Purpose of —
CARA
IV&V Plans -
t CARA Guidleine Resource Focusing
Importance Determination
Risk Identification
ProgramGoals ™\
& Objectives L] De‘-ﬁne. Rating
- Establish o | Criticality p-| Criteria &
Program \ —: Scope of _ | Areas and Scoring
Document CARA Risk Drivers Matrice
I: Specifications Problem Areas
Plans Configuration Items

Functions
Applications/Uses

[ - | Conduct CARA \
Domain »| and Tabulate —{ gomposne/
Experts Scores cores

Prepare ( Rank

Prioritized "~ \Ordering
Rankings

EXHIBIT 5-2. CARA Activity Network

On EOSDIS, &€ARA is performed apart of the IRVVPplanningprocess and aither program
milestones as needed. The results can be used in a number of ways:

» To allocate a fixed set (given level) of resources across a set of objectives/tasks,

 To assess the need for future resource requirements (i.e., to determine the IV&V
resources required for a certain level of coverage),
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EXHIBIT 5-1. Traceability Activity Network
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5.1.1 Traceability

Traceability ishe cornerstone of the Intermetrics IV&V methodologycoitnmences asoon as

the first requirement is known and extends aceasy phase othe life-cycle. Exhibit 5-1
summarizeghe traceability methodology.Initial activities focus ondefining the requirements
hierarchy and establishirthe datebase linkageshat are to banaintained. Aghe program
progresses through the phases of the life-cycle, each successive detail level is coupled to the level
that precedes it.

The importance of thigaceability activity lies inthe uses tevhich the resultantraceabilitydata
bases can be put. These data bases can be searched, traced, and analyzed to enable:

* Management of cross-release requirements allocation,

* ldentification of dangling requirements.e., requirement:ot implemented) and
extraneous code (i.e., code not driven by a defined requirement),

* Identification of common-requirement code coupling (a comnsomurce of
maintenance coding errors),

» Scopel/impact of proposed changes to the requirements (bak®ble during
requirements scrubs prompted by program redefinition/redirection),

» Determination of test program coverage, and

» Assessment of validation and/or regression testing needs.

In theory, thetraceability methodology can be applied eithemuadly or automatically; in
practice, thenumber of requirements to be managedtlom EOSDIS program camly be

effectivelytrackedvia arautomated process. The ECS and Ecom developeesmteying the
Requirements Traceability Managem¢R{TM) tool from Marconi forthis purpose, and the
Intermetrics Team will employ the same tool for the IV&V traceability function.

5.1.2 Criticality Analysis and Risk Assessment

The Criticality Analysisand Risk Assessment (CARA) methodology is a systemataedure for
rank ordering EOSDIS prograglements witlrespect tovell-defined scorindactors associated
with criticality areas and risk drivers of importance to E@SDIS program. It provides an
arithmetical basifor formulating composite orderings itdms withrespect tanultiple, possibly-
dissimilarrating factors. The results ofGARA are used to suppoadecision makingssociated
with establishingprogram directions, determiningesource needs, analocating resources.
Because a CARA has amderlying mathematical formalism,ptovides a degree of rigor not
found in purely subjective decision-making paradigms. The CARA methodology egupllsel
to a variety of elementsver the prograniife cycle, including potentiéddctual problem areas,
configuration items, functions, and applications/uses of the system.
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5. Life-Cycle V&V Activities

EOSDIS V&V mixestraditionallife-cycle support V&V taskswith tasksthat arein-line to the
development effort. In particular, the ralssigned tdghe EOSDIS V&V contractoduring the
testing phase entailspaogression of certification activitiégginning withthe EOSDIS ECS and
EDOS componentgncompassing key interface and integration,camalinating withend-to-end
system certification. Because certificationcsnducted with respect to the functional and
performance requirementspiy beconveniently labeled validation, atite V&V activitiesthat
precede it in thdife cycle may behought of asserification. Such a grouping is consistent with
the traditional definitions of verification and validation (see glossary in Section 3).

The methodologiethat the Intermetriceam wll employ to accomplistthe EOSDIS V&V
objectives can be categorizediescycle phase independent flife-cycle phase dependent.ife-
cycle phase independent activitiase those thatan either be applied in substantidhg same
form in more than one phase of the developriifentycle, orthose thatbecause of theintrinsic
definition, span multiple (one or more) phases of the life cycle. For example, a Crifinalityis
Risk Assessment (CARA) activity can benducted duringny phase of thdife cycle, while a
prototyping activity could span mudte phases. Life-cycle phase-dependent activitiase those
that can be aligned with milestonassociated witlrspecific life-cyclephases. Source code
analysis offers a good example of this type of activity.

The following sections describe Intermetriegg@proach to EOSDIS IV&V, proceeding from the
general to the particularlLife-cycle phase independent and dependent actiatiesummarized
in Sections 5.1nd5.2, respectively. The manner of presentation is based on actetityorks
and the goal is to provide a broad perspective of the methodblatyyill be employedfor each
activity. This overview identifies task-level activities that are accomplished (i.e., “whatithsks
be performed).Specific detailassociated with performing IV&\Vhdividual task activities (i.e.,
“how” taskswill be performed) aregiven inthe lowerevel V&V plans(the ISVVP or the
IRVVP) and in the EOSDIS Integration and Certification Plan (EICP).

After the generatliscussion of methodologies, a frameworktfa specifictasks associatedith

the EOSDIS IV&V is developed in Section 5.3. pAradigm for categorization and organization
of the initial set of tasks is provided, aagplicable life-cycle activitiesre identified for
accomplishment athese tasks. Amarly-year schedule is provided tte firstelevenEOSDIS
IV&V technical tasks.

5.1 Life-Cycle Phase-Independent Activities

Life-cycle, phase-independeti¥&V activities are those whose methodology and approach
descriptions either can be giverthout a contextual background associated wipexific phase

of thelife cycle, or span multiple phasestbt life cycle. Task-level detailor applyingthese
methodologies are deferred to lower level plans.
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4.5 Tools, Techniques and Methodologies

Exhibit 4-8 provides a roadmap to the IV&V todischniques and methodologiteat will be
employed orEOSDIS. Theexhibit is done in activithetwork formatwith inputs identified on

the left, activities in the center, and outputs on the right. The general flow is from left to right and
top to bottom. Activity networks primarily illustrate the logipabgression of activities, amly
provide a roughndication of time sequencing. Theye notsufficient to enable scheduling
analysis.

The Intermetrics Team’s basic approach appliesen techniques fglanning,taskmanagement
and tool management to well-defined methodolodpes conduct ofspecific life-cyclephase-
independent and phase-dependent IV&V tasks. These tasks are focugemtucts of the
EOSDIS developers antime scheduled iraccordance withtask order Statements of Work
(SOWSs) received from NASA. In addition to deliverables associated with particular tasks,
planningdocuments, andig studies, technicaleportsand traceability betwedifie-cycle phase
outputs are provided Additional detailsfor eachlevel of IV&V activity may befound in the
sections of this plan referenced the exhibit: technical activitiesre described in Section 5,
reporting requirements asummarized irSection 6, and management related activeies in
Section 7. Alsoincluded inSection 7.3 is a categorizdt of potential EOSDIS V&V
automated tools.

Inputs Activities Outputs

IV&V Plans

Management
System
Release
Certification
Tool Mngmnt

'E:/&V Experience IV&V Management Techniques
ase

FPrevious Plans IV&V Planning Function - 7.1

Yy

Lessons Learned

Standards and Task Order Management - 7.2 |

Practices

Tool Management - 7.3

EOSDIS
Source

Documents
] Reports
I Development Plans -
[ Rarmnte Spocs > [ Phase Independent IV&V Methods - 5.1 | f
L IRDs/ICDs Traceability
- Design Specs Matrices
I Software Docs

I Test Plans/Procs Technical
| Test Results > [ Phase Dependent IV&V Methods - 5.2 | ™ Analysis
I Users Manuals Reports

- Training Materials

}

T Task Order
Task Order SOWSS] El [ _EOSDIS IV&V Task Activities - 5.3 | |—+

EXHIBIT 4-8. IV&V Tools, Techniques and Methodologies for EOSDIS
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hardware-intensiveest toolssuch as remoteerminalemulators, the EOSDIS TeSystem(ETS)
and the Spacecraft Simulation (SSIM) will not be integrated into the ISE framework.

Further information can be found the ISESystem Requirements documetite EOSDIS
Integration and Certification Plan, and the Tool Management Appendix to this IVVMP.

4.4 Roles and Responsibilities

Roles and responsibilities for the functional elements in Exhibit 4-2 are defined in this section.

The IV&V Program Management function is responsibleekiablishingoperationalpolicy and
overall direction forconduct of the EOSDIS IV&V. The Program Manager (PM) ispitrmary
interface with NASAESDIS projectmanagement, with themanagement staffs #he ECS and
EDOS developers, andith the corporatestaffs ofthe IV&V teammembers. He hatlll
authority overall resources assigned tiwe project and isesponsible fothe tasKevel allocation
of these resources. Tasks are received, accepteabsaigiied to Task Leadersthye PM. He is
also responsible for fiscal performancetio@ contract and for the reportingtethnical, schedule
and cost performance.

The ProgramPlanningand Control function isesponsible forestablishing, maintaining and
reporting the task order budgets. Task order pustlesare prepared bis office. Program
Planningand Control interfaces with the NAS#®ntractsoffice and is responsibler thetimely
and accurate reporting of taskder budgets imonthly andquarterlyfinancial reports. Italso
interfaces with NASA to ensure full coordination of all equipment purchases.

Business Operations haessponsibilityfor thefacilities, tools, networks andtherelements of the
IV&V physical infrastructure.  Thisincludes requisitioning, purchasing awedntracting for
maintenance odll elements of this infrastructure. Business Operatats as th@dministrative
deputy for the Program Manager and is responsible for reptrgrgtatus of the IV&V effort on
a monthly basis. This function establishes offrecedures to ensure orderly atushely
information flow toall team members.Responsibilitiesextend to creating thmternal library
system and serving as the training coordinator for the EOSDIS IV&V.

Functional Area Leadare responsible for representinige EOSDIS IV&V project texternal
organizations within their assignadea oftechnical expertise. They establish ovetethnical
directions and approaches for their areas, and ensure consistency taskosgders and
organizational interfaces.

Task Leads areesponsible foestablishinghe technical objectives, directions and approaches for
individual tasks, for preparingtaffing profilesfor these tasks, fananagingthe day-to-day
conduct of the tasks, for reporting tdskel progress an@éccomplishments, and for generating
required technicaleportsand supporting documents. Task Leads have the authority to direct
resources assigned to théssk in theaccomplishment otask objectives. Task Leads are
responsible for maintaining the flow of technical information across organizational interfaces.
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4.3 Resource Summary

4.3.1 Facilities

The EOSDIS IV&YV is based at facilities locatedloy Lane in Greenbelt, Marylandear GSFC,
and at the WVU/NASA V&V Center otniversity Drive in FairmontWest Virginia. V&V
project staff fromthe subcontractors are collocated with Intermetrics. Operatiorfsilare
integrated and resources are shagdally. Modern telecommunications servidesluding e-
mail, Internet access, and fax are provided.

4.3.2 Personnel

The ten-yeastaffing planfor the EOSDIS IV&V isgiven in Exhibit4-7. Entries are in person-
years of delivered labor allocated to labor categoriescantract years. A contragtear is
defined aghe period from 16 June of the yédentified to 15 June ahe following year. The
labor categories are aefined inthe contract. All require aminimum of 3years relevant
experience, andll positions, save thechedule specialist and clerical, require a college/university
degree.Yearly totals across labor categories are presented in the battoywhile the ten-year
totals for each labor category are in the last column.

LABOR CATEGORY 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 TOTAL

Program Manager 25 15 2.0 2.0 20 3.0 2.0 1.5 1.5 1.5 19.5
Software Sys Specialist 25 55 6.5 7.0 55 35 3.0 25 25 .5 41.0
Senior Systems Engine¢er 18.0 27.0 29.0 305 320 275 275 210 210 |21.0 2545

Systems Engineer 140 145 170 180 180 180 170 13.0 13.0 |13.0 155%5
Data Base Specialist 15 2.0 3.0 3.0 3.0 50 5.0 3.5 3.5 3.5 33.0
MIS Programmer 15 0.5 1.0 2.0 30 50 5.0 3.5 3.5 3|5 28.5
Clerical 2.0 1.0 2.5 3.0 3.0 655 4.5 4.0 4.0 4.0 335
Scheduler 1.0 1.0 1.0 1.5 15 25 1.0 1.0 1.0 110 12.5
TOTAL 43.0 530 620 670 68.0 70.0 650 50.0 50.0 50.0 578.¢

EXHIBIT 4-7. EOSDIS V&V Staffing Profile

4.3.3 Equipment

The EOSDIS IV&V is supported by aentralized resource fomanaging, archiving, and
maintaininglV&V-related data products améports. All such materialareheld in anintegrated
Information RepositorylIR) that is part of the Integrated Supp&rivironment(ISE), located at
the Fairmont, WesVirginia, facility. Whencompleted, thdSE will provide electronic storage
and access for all reports and data bases generated by EOSDIS IV&V.

IV&V tools used to supportinalyses ofdeveloper products will be integrated into the ISE
infrastructure. This includes tools that support thepiesining, executing angporting process.
Certaintest toolssuch as software drivers addta sets, will be residentthin the ISE. Other
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EXHIBIT 4-6. Conceptual Progression of IV&V Activities
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EXHIBIT 4-5. EOSDIS Master Schedule
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AGENCY/FUNCTION
! ! |lwe_|
1. ESDIS ( Code 505) J. Gitelman F. Rockwell
-M&O A. Kelly J. Smith MOFT
- Networks/ Comm. R. desJardins T. Truitt SOFT
- DAAC & Operations G. Hunolt F. Rockwell SOFT
- Science S/W T. Meyer F. Rockwell DPFT
- SDPS (architecture) M. Szczur D. lzumi DOAFT
- SDPS (processing) S. Kempler D. lzumi DPFT
- Version 0 D. Blake P. VanWie SOFT
2. Science Users/DAACs Rotating Chairperson A. Sanyal USWG
- ADCs / ODCs M. Schwaller A. Sanyal SOFT/USWG
- Instrument Teams (PI/TL/TM) S. Wharton (902) A. Sanyal USWG
3. EDOS Jamison / Benjamin (560) S. Cherng (TRW)
-1&T P. Myers (560) S. Cherng
- Data & Operation G. Knoble (560) S. Cherng
4. Ecom Jamison / S. Smith (540) P. Doan
5. NASA Institutional Support (Code O) G. Smith Truitt
6. Other MTPE Flight Projects
- TRMM T. Ackerson R. Weiss (WG)
- Landsat-7 J. Smith R. Weiss DOAFT
7. ECS Project
- NASA P. Van Wie
-FOS A. Johns (510) J. Smith / K. Murphy MOFT
--SDPS M. Szczur D. lzumi/ T. Wolfrom SOFT
--CSMS R. desJardins T. Truitt SOFT
- HAIS G. Scott various
8. ETS Project W. Fuller (513) ETS /WG
- Requirements / Development C. Rauta PVanWie (CSsC)
9. EOS Flight Project A. Kelly (Code 505) J. Smith MOFT
10. Focus Teams (FT)
- Mission & Operation MOFT A. Kelly / A. Johns J. Smith MOFT
- Science Operations SOFT
--Operation sub-panel G. Hunolt / T. Meyer T. Wolfrom SOFT (operation)
--Science sub-panel S. Wharton A. Sanyal SOFT (science)
- Data Processing DPFT T. Meyer / S. Kempler D. lzumi DPFT
- Data Organization & Access
--DOAFT M. Szczur D. lzumi DOAFT
11. Working Groups (WG)
- System Implementation Team G. Smith J. Smith/ S. Imoff
- User Services
-USWG S. Wharton A. Sanyal SOFT
- EOS Test System
-ETS/WG J. Gitelman P. VanWie
12. Key Interfaces ICWG
-Version 0 G. Hunolt T.Wolfrom
-SCFs Scott/T. Meyer T.Wolfrom
-NSlI R. desJardins R. Weiss
-Landsat-7 T. Ackerson K. Murphy
-MITI (ASTER) M. Schwaller K. Murphy
-TRMM T. Ackerson K. Murphy
-EDOS D. Jamison V. Venkatesh
-AM-1 Flight Project A. Kelly S. Imhoff
-NOAA (R/T Data) D. Jamison T. Wolfrom
-ADCs G. Hunolt T. Wolfrom
-IPs M. Schwaller S. Imhoff
-NASA Institutional G. Smith S. Imhoff
-Aerosol Spacecraft A. Kelly S. Imhoff
-PSCN R. desJardin R. Weiss
-PM Spacecraft A. Kelly S. Imhoff
-Chemistry Spacecraft A. Kelly S. Imhoff
-AM-2 Spacecraft A. Kelly S. Imhoff
-COLOR Spacecraft A. Kelly S. Imhoff
EXHIBIT 4-4. Organizational Interface Points of Contact
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Other MTPE
Flight Projects ECS Project
(& Developer)

NASA Institutiona
Support (Code O

ETS Project

Ecom Project (& Developer)

(& Developer)

EOS Flight Projeqt

EDOS Project
(& Developer)

(& Developer)

Science Users
(& Data Centers) . Others
ESDIS Project
A (Code 505) *

EXHIBIT 4-3. Organizational Interfaces Supported by the IV&V Team

Exhibit 4-4 identifies candidate points abntact on eitheside ofthe interfaceslentified in
Exhibit 4-3. Contacthas been established with HAIS and agreement on inofemation
exchanges with direct contact at the engineering level has been reached.

4.2 Master Schedule

The EOSDIS IV&V contrachas a ten-year period of performagoenmencing 16 June 1994.
Exhibit 4-5 provides the mastsechedule foEOSDIS development, integration acettification
through thassuance oECSRelease C ahe conclusion 01999. The IV&V effort appears as
three lines on this schedule. Reading from the bottom of the exhibit, the first IV&V line illustrates
the on-going andindifferentiated process tfe-cycle verificationactivities, the second V&V

line delineates IV&V certification testing dECS releases, and the third V&V linethst
associated with Key Interface Testing (KIT) which commences with the TRMM interfaces.

The progression between these three IV&tivities (life-cycle verification, certificatiotesting,
and KIT) is illustrated for an arbitrary releaseExhibit 4-6. The presentation in tlexhibit is
conceptual and does not accurately portray time duration or phasing.

A task-level schedule for the initial set of IV&V tasks is provided in Section 5.3
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These functions operate independent of specific task orders and provide day-to-day continuity and
direction for the project. The Functional Area Leads (FALS) provide identifiable and recognizable
focal points forspecificareas chosen because of their importance to the success of EOSDIS and
the IV&V effort. Taskleadsare assigned as taskae opened, and aresponsible for the
planning, technical direction, management and reporting associated with individual tasks.

PROGRAM MANAGER

Ron Cariola

Program Planning and Control

Pam McLaughlin Rich Saad

Business Operations

FUNTIONAL AREA LEADS SUBCONTRACTORS TASK LEADS (Active Tasks Only)

]
A Roland Weiss Ron Cariola
Frank Rockwell |I|
—[__SMSRC | —ljsm__| Rich Saad
Richard Rogers

. OL AND _ Ashit Sanyal
Dan McCaugherty _lml |Dan McCaugherty|
Earl Atkins Frank Rockwell

e e
Richard Rogers - Roland Weiss
Richard Rogers
KEY INTEREACE TESTS

Roland Weiss

EXHIBIT 4-2. EOSDIS IV&V Organization

In conduct of the EOSDIS IV&Vmanyexternal organizational interfaces need to be established
and maintained. These interfaces provide conduits into requirements, schedules and technology
bases folEOSDISelements, components and syster&xhibit 4-3 identifiesthe organizational

entities for which interfaces will be required. The intent igéatify specific points o€ontact on

either side of the interface (i.e., in both organizational entities) and to have these pmintaaif
establish acharter for thetimely exchange of information. The general philosophy is direct
contact at the workintgvel (i.e., point of contact and belowyjth as-needed coordination at the
management levépoint of contact and above). Such an agreemasntoeen reached with HAIS
concerning ECS.
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4. V&V Envir onment
4.1 V&V Organization and Interfaces

IV&V of EOSDIS will be conducted by a team tfichnical professionals undée leadership of
Intermetrics Systems Services (ISg)rporation, thg@rime contractor. Subcontractonembers
of the IV&V Team include CTA Incorporated, SMSystems and Researdborporation
(SMSRC), and Electronic Warfare Associates (EWA). The tearfullis integrated and
collocated afacilities inGreenbelt, Maryland and FairmokltestVirginia. Exhibit4-1 identifies

the senior EOSDIS IV&V representative for each teamamber and principabreas of
responsibility. These assignmeatsfully consistent with established expertise heldheyteam
members and refledhe basic decomposition ofthe EOSDIS IV&V effort intoactivities

associated with:

» Project infrastructure ( management, organizational interfaces, planning, and tools),
* Functional and performance requirements (systems and interfaces),
» Life-cycle verification (concept through implementation phases), and

» Certification (i.e., validation) of components, interfaces and systems.

||||
ISyS Mr. Ron Cariola Overall Project Management
Planning

Organizational Interfaces
Life-Cycle Verification
System Requirements
Component Certification
System Certification

Science Systems Integrity
V&V Tools

Organizational Interfaces
Life-Cycle Verification
Interface Requirements

Key Interface Certification
Science Requirements
Science User Community
Interfaces

EWA Mr. Earl Atkins » Life-Cycle Verification

CTA Dr. Roland Weiss

SMSRC Dr. Ashit Sanyal

EXHIBIT 4-1. IV&V Team Composition

Intermetrics has structured its EOSDIS V&V organization with the objectives of providing stable
and consistent direction at the projéstel, establishing focal poinfer majortechnical areas
within EOSDIS, andmaintaining direct accountability/responsibility athe tasKevel. The
EOSDIS V&V organization is depicted Bxhibit 4-2. At thetop levels ofthe organizational
hierarchyare the project managemepianningand control, an@husinessoperations functions.
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us United States

V&V Verification and Validation
WG Working Group

WVU West Virginia University
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ISE
IRVVP
ISVVP
ISyS
V&V
IVVMP

KIT
KIT

MOC
MOFT
MTPE

NASA
NCR

PDR
PSR

RID
RTM

SCF
SDF
SDP
SDPS
SDR
SEAS
SOFT
SOwW
SRR
SSIM

TA
TAR
TBD
TDRSS
TO
TRMM
TRR

EOSVV-0301-12/2/94

Integrated Support Environment
Independent Release V&V Plan
Independent System V&V Plan
Intermetrics Systems Services
Independent Verification and Validation
IV&V Management Plan

Key Interface and Integration Testing
Key Interface Testing

Mission Operations Capable
Mission Operations Focus Team
Mission to Planet Earth

National Aeronautics and Space Administration
Nonconformance Report

Preliminary Design Review
Program Status Report

Review Item Discrepancy
Requirements Traceability Management

Scientific Computing Facility

Software Development Folder

Software Development Plan

Science Data Processing Segment
System Design Review

System Engineering and Analytical Support
Science Operations Focus Team
Statement of Work

System Requirements Review

Spacecraft Simulation

Task Assignment

Technical Analysis Report

To Be Determined

Tracking and Data Relay Satellite System

Task Originator

Tropical Rainfall Measuring Mission (U.S.-Japan)
Test Readiness Review
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3.2 Acronyms/Abbreviations

ADC Affiliated Data Center

CARA Criticality Analysis and Risk Assessment
CDR Critical Design Review

CIP Continuous Improvement Program

CO Contracting Officer

COTR Contracting Officer Technical Representative
COTS Commercial Off The Shelf

CSMS Communications and Systems Management Segment
CTR Contractor Task Report

DAAC Distributed Active Archive Center

DoD Department of Defense

DOFT Data Operations Focus Team

DPFT Data Processing Focus Team

DR Discrepancy Report

Ecom EOS Communications System

ECS EOSDIS Core System

EDOS EOS Data and Operations System

EICP EOSDIS Integratioand Certification Plan
EOC EOS Operating Center

EOS Earth Observing System

EOSDIS Earth Observing System Data and Information System
ETS EOSDIS Test System

F&PR Functional and Performance Requirement
FAL Functional Area Lead

FOS Flight Operations Segment

GOTS Government Off The Shelf

GSFC Goddard Space Flight Center

GSIWG Ground System Integration Working Group
HAIS Hughes Applied Information Systems

&T Integration and Test

IATO Independent Acceptance Test Organization
IDHS Issue/Discrepancy Handlingssem

IEEE Institute of Electrical and Electronic Engineers
IR Integrated Information Repository

IR1 Interim Release 1
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MODELING. Aninvestigative techniquéhat uses a mathematicalhysicalrepresentation of a
system or theorthat accounts foall or some of its known properties. Models are often used to
test the effects of changes of system components on the overall performance of the system.

OPERATIONS. Within EOSDIS, thoseactivities directly related tthe acquisitionarchiving,
distribution, and processing of mission-related information.

RETURN LINK DATA. Spacecraft health and status data and instrument data.

VERIFICATION. The process aletermining whether amot the products of given phase of
the software development cycle fulfill the requirements established during the previous phase.

VALIDATION. The process ofevaluating software ahe end of the softwamevelopment
process to ensure compliance with software requirements.
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3. Definitions
3.1 Glossary

ACCEPTANCE TESTING. Formal testingconducted to determine whether mot asystem
satisfies its acceptance criteria, aneémablethe customer to determine whethemot to accept
the system.

ALGORITHM. A step-by-step mathematical procedure golving a problem. Each step is
precisely and unambiguously defined so that in principle it can be carried out by machine.

ARCHIVED HOLDINGS. All EOSand non-EOS data and data productsyebsassupporting
information, that are archived IBOSDIS. This includes models, algorithndgcumentation, and
Level Odata or highelevel data products.

CERTIFICATION. The process ddffirming the level of performance delivered ke system
with respect to precisely defined criteria directly related to the Level 2 and 3 requirements.

DATA SET. A logically meaningful grouping or collection of similar or related data.

DISTRIBUTED ACTIVE ARCHIVE CENTER. An EOSDIS3acility that generatesrchives,

and distributes EOS Standard Data Products, and related information, for the duration of the EOS
mission. AnEOSDIS DAAC is managed by an institution such as a NAf®Ad center or a
university, under terms of an agreement with NASA. Each DAAC contains funatlenants

for processing data, farchiving and disseminatirgata,and for user services amdormation
management.

EOSDATA AND INFORMATION SYSTEM (EOSDIS). Afacility that will managethe data
resulting from NASA'€Earth science satellites arfetld measurement programs, aotther data
essential fothe interpretation of these measurements. It will also provide acagssbeld in

the archives obthergovernment agencies, organizations, and count&€3SDIS will generate
standard data products, amdll facilitate the combination and manipulation ofata from all
sources as well as their incorporation into models of the environment.

FORWARD LINK DATA. Instrument control and spacecraft control data.

INDEPENDENT VERIFICATION AND VALIDATION (IV&V). A process whereby the
products ofdevelopmentife cycle phases arendependently reviewed, verified and validated by
an organization that iseither the developeror the acquirer of the software. [V&iffers from
Verification and Validation (V&V) only in that it is performed by an independent organization.

INTEGRATION. The process otombining one or moreelements andthrough testing,

confirming that the elements correctly perform allocated functions an@port higher level
requirements.
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IEEE Std. 1028-1988 Standard for Software Reviews and Audits

IEEE Std 1042-1987 Guide to Software Configuration Management

IEEE Std 1044-1993 Standard for Classification of Software Anomalies

IEEE Std 1045-1992 Standard for Software Productivity Metrics

IEEE Std 1058-1-1987 Standard for Software Project Management Plans

IEEE Std 1059-1993 Guide for Software Verification and Validation Plans

IEEE Std 1061-1992 Standard for a Software Quality Metrics Methodology

IEEE Std 1063-1987 Standard for Software User Documentation

IEEE Std 1074-1991 Standard for Developing Software Life Cycle Processes

IEEE Std 1209-1992 Recommended Practice for the Evaluation and Selection of CASE Tools
IEEE Std 1219-1992 Standard for Software Maintenance

IEEE Std 1298-1992 Standard for Software Quality Management System, Part 1. Requirements

Intermetrics Documents

Deliverable 0405 ISE System Requirements O28&ber 1994
Deliverable 1001 White Paper: Independent Verification and Validation Approach to the

EOSDIS Certification Program, Levels, Methods, Criteria and Tools
17 October 1994
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2. Reference Documents

Thefollowing documentsire either referenced or used as somaterial by thiEOSDIS V&V
plan.

NASA/Military Standards

DOD-STD-2167A Defense System Software Development
DOD-STD-2168 Defense System Software Quality Program
MIL-STD-882B System Safety Program Requirement

Other NASA/Military Documents

NHB 9501.2B Procedures for Contractor Reporting of Correlated &aktPerformance
Data

SOW for EOSDIS IV&V, NASA Contract No. NAS5-32605, 1994

Other Documents

IEEE Std 730-1989  Standard for Software Quality Assurance Plans

IEEE Std 828-1990 Standard for Software Configuration Management Plans

IEEE Std 829-1983  Standard for Software Test Documentation

IEEE Std 830-1993  Guide to Softwaredr@ements Specification

IEEE Std 982.1-1988 Standard Dictionary of Measures to Produce Reliable Software

IEEE Std 928.2-1988Guide for the Use ofEEE Standardictionary of Measures t@roduce
Reliable Software

IEEE Std 1002-1987 Standard Taxonomy for Software Engineering Standards
IEEE Std 1008-1987 Standard for Software Unit Testing

IEEE Std 1012-1986 Standard for Software Verification and Validation Plans
IEEE Std 1016-1987 Recommended Practice for Software Design Descriptions

IEEE Std 1016.1-1993 Guide to Software Design Descriptions
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done under the supposition that the ED&D8 Ecom development efforts will beswphaller scale
and complexity, and consequentyll be amenable tdhe same techniques and methodologies
defined for IV&V of the ECS.
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life-cycle V&V activities. In addition, because of the larggumes ofdata in thesystem, the
technical complexities ahe interfacenechanization, and their criticalitgr system operations,
NASA has identified aset ofkey interfacegor which IV&V analysisand testing will be
conducted. V&V responsibilities extend ttesting of ECSfunctionality inthe DAACs and

SCFs. This includes science software functionality and operability (but not correctness).

This V&V ManagementPlan(IVVMP) provides descriptions of methodologies, techniques, and
tools that IntermetricSystems Services (ISy&porporation willemploy ashe EOSDIS V&V
prime contractor. This IVVMP also describes thenanagementpproach, organization and
resources thawill be applied. This plan iene of a sequence plansthat will be prepared and
delivered to NASA. Exhibit 1-1 provides an overview of the coupling between these plans.

This IVVMP addresses the EOSDIS IV&YV in the largkescribingwhat will be done and what

level of resources will be applied in total. The Independent System V&V Plan (ISVVP) addresses
the developmeriife-cycle in detailand explainflow the 1IV&V methods, tools artdchniques

can be applied t&cOSDIS. The EOSDIS Integration a@ertification Plan(EICP) further
elaborates the testing portion of the IV&V effort. EOSDIS IV&V testing imanstream
activity, performedn-line with the development efforthat encompassetestand integration of

all principal components, and certification of the end-to-end operation of the resytem.
Finally, an Independent Release V&V Plan (IRVVP) provides specifics concerning thetlefforts

will be performed for a particular release of an EOSDIS component (e.g., ECS Release A).

IVVMP Development Life Cycle
ISVVP Concept [Rgmt's Pesign |mplementation Tiest Ingtall/Checkout Ops/Maint
EICP Component [Key Interface Bystem

ECS and EDOS Component Releases /

IRVVP | Concept |Rgmt's Design |mplementation Tlest Ingtall/Checkout Ops/Maint /

EXHIBIT 1-1. Logical Relationship Between Planning Documents
Because the ECSJlevelopment model is well-definegiresentssignificant challenges for

management of V&V, and represents a majortion of theoverall EOSDIS, this IVVMP
concentrates on matters relatingg6S and the HAIS multi-traalkevelopment model. This is
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DAAC:s are theresponsibility of their sponsoring agency. ThaV, if practical, utilize common
hardware and software subsystems, and deriveh of their functionality fronthe ECS. ECS is

being developed by Hughes Applied Information Syst@aislS) as a series oihcremental
releases, commencing with Interim ReleagtR1) andcontinuing with Releases A, B, C, and D
over a ten year period. IR1 aReleases A and Brebeing developed in paralleihile Releases

C and D arestrictly time-sequential. The SCFs will be developed by science investigsitags
toolkits provided by the ECS contractorExternal networks are non-developmerntams.

Award of the EDOSJevelopment to TRW has been announced, and an incremental development
effort is anticipated. Ecom Ising developed by NAS&SFC Code 54@tilizing in-house and
support-contractor resources.

1.2 Purpose

The EOSDIS IV&V is directed towardassessing system integrity, ensurimgoper
implementation of system functionality, and ensutirggoperational readiness of #ystem with
the following objectives:

» Detect and correct errors as early as possible in the EOSDIS life cycle,
* Lessen development risks, cost and adverse schedule impacts due to these errors,
* Enhance EOSDIS quality and integrity, and
Increase visibility into and understanding of the EOSDIS development and evolution process.

1.3 Scope

The EOSDIS V&V effort is focused on the ECS, ED@8d Ecom system components,
includingthose ECSlements athe DAACs andthe SCFs. ECS is thgacing component for
EOSDIS V&V, havingcompleted a System Requirements ReVi®RR) atwhich significant
focusingtook place, and a System Design Revi&DR). ECS is also the largest component
with particular releases containingréllion or morelines ofsource code. HAIS ismploying a
multi-track development efforthat supportsevolutionary development of thECS across
multiple releases by defining paraliedvelopment methodologies for differ@airts of thesystem:
Formal Development forthose ECSelements with stable requirements awell-defined
capabilities, and Incremental Developmfamtthe morevolatile elements afhe ECS thaévolve

to meet emerging needs and capabilititstotypes and studies are usedine-tune/adjust both
development tracks. Formal Development elem@&migrgo a standard test progresdiased on
successively higher levels oftegration. Incremental Development elemerts testecdgainst
evaluation packagethat serve taexhibit currentcapabilities andareas for improvement in the
next iteration. Both development tracks culminate in Integratiomasd(I&T) at thebuild level
and acceptance testing of the release by an Independent Accépan®eganization (IATO)
hired by, and reporting to, the developer.

The EOSDIS IV&YV contractor reports to NASA and is tasked to providdifiedtycle V&V for
both ECS and EDOS. Ecom is tested in coneéht ECS and EDOS, but st subject toother
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1. Purpose and Scope
1.1 Introduction

The EarthObserving SystenfEOS) is anessentiapart of theMission to PlaneEarth (MTPE)
undertaken by the National Aeronautics and Spabeinistration (NASA) withGoddard Space
Flight Center (GSFC) as the lead center. Mission objectives are to:

» Develop a comprehensigata andnformation system serving scientists’ needs for
interdisciplinary and multi-disciplinary planet earth studies.

* Provide a globaldata base of remotely-sensed measurements sufficier@néble
systematic investigations of ecological dynamics over time.

» Support thedevelopment of a comprehensive understandinthefway the Earth
functions as a global system to incluatenosphere, ocean, cryosphere, and biosphere
interactions.

The EOS Groun®ystem providesupport forinstrument and satellite command aachtrol, for
datacollection and archivingpr definingand generating scienpeoducts, and fodistribution of

data and products across world-widdormation networks. The EOS Datand Information

System EOSDIS) is the centerpiece of EOS GroBydstem operationsEOSDIS provides the

means to enable (1) reliable amdely availability of usabland understandabtiata,and(2) easy

and quick data access and transfer independent of geographic location of the user. Because of the
criticality to missionsuccess, NASA has contracted for Independent Verification/ahdation

(IV&V) of the EOSDIS and key ground system interfaces.

The principal EOSDIS components are:

» Distributed Active ArchiveCenters (DAACS) hine data centergach focused on a
science disciplinghat providesciencedata organization, user access aughport
services.

» The EOSDIS Cor&ystem(ECS) -comprised of th&OS Operations Center (EOC)
and thecore functions for sciencelata processing tanclude data archiving and
distribution, information management, and product generation. ECS is partitioned into
the Science Data Processing Segm@&RPS), theFlight Operations Segment (FOS),
and the Communications and Systems Management Segment (CSMS).

e Science Computing FacilitigSCFs) - on the order of @acilities enabling science
investigators to develop algorithms anmhintain quality control over their data
products.

» External Networks - used to distribute the data to a wide and diverse user community.

« EOS Dataand Operations System (EDOS) - provides telenuzttg ingest and
standard Level O data set production capabilities.
EOS Communications System (Ecom) - provides data transport between ECS and EDOS,
intra-ECS, and between EDOS and other NASA institutional elements.
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